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Definition of Nanodiamonds (NDs)

Are 0D material with a size below 100 nm.
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Properties of Nanodiamonds (NDs)

DOPANTS/INTERNAL DEFECTS
Color centers (fluorescence,
phosphorescence, magneto-optics)
Boron doping (electroconductivity)
Vacancies (photoacoustics)

H doping (radiolabeling)

CORE
Mechanical/chemical stability
Inherent biocompatibility
Large bandgap (transparency)
High refractive index ( strong UV
scattering)

“Quality” of color centers

High thermal conductivity

SURFACE CHEMISTRY

Colloidal stability

Uniformity of NDs distribution in

nanocomposites

Formation of shells/coatings
Conjugation with biomolecules

Drug adsorption

Electron affinity (e.g. negative)

Catalytic properties

Activity of subsurface color centers
Self-assembly into photonic crystals

Biocompatibility

10.1016/j.cossms.2016.06.008

NON-DIAMOND CARBON
EM radiation absorption
Fullerene-like reactivity
Influence biocompatibility
Influence colloidal stability

SIZE AND SHAPE
Size of DNDs is ~4-5nm
Shape close to sphencal
(DND) or blocky (HPHT)
Influence reactivity
Interactions with celis
Ball rolling in nanolubricants
Quantum confinement




Synthesis of NDs

(a) Top-down (b) Bottom-up
ND of Static Synthesis ND of Dynamic Synthesis
High Pressure High Temperature Detonation Nanodiamond
(HPHT) Nanodiamond (DND)
Microdiamond
* ! milling
r

BN 7-10GPa, 1500-2200°C, ! b
% Catalyst (Fe, Ni) s N ‘.’,‘
3 10-20nm 555 (Nitrogen: up to 10,000ppm
o (substitutional N 100-200ppm) Optically inactive conglomerates)

10.1021/acsnano.2c00197
10.1116/1.4927679



Detonation Nanodiamonds (DNDS!

= Produce rounded NDs with an average size of 2-20 nm.
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10.1038/nnano.2011.209



Detonation Nanodiamonds (DNDs)




Raman - Characterization of DNDs
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Functionalization of DNDs
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Further purification or reactions
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10.1038/nnano.2011.209

N
Fluorescent, hydrophobic
Imaging, composites
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Properties of DNDs

Solubility and functional groups:

Diamond C —grey

sp? amorphous C — green
sp? C— black

O - red; H = white;
N - blue

.,
s B
- Al
& Al
g (o

Dimethyl sulfoxide (DMSO)
N-methyl pyrrolidone (NMP)
ethylene glycol (EG)
Poly-alpha olefin (synthetic oil) (PAQO)

10.1016/j.diamond.2015.07.003
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Properties of DNDs

Fluorescence

Fluorescence

Detonation
nanodiamonds
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Size of NDs

a
(@) —— 2 nm DNDs before hydrogenation
—— 2 nm DNDs after hydrogenation
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High-Pressure High-Temperature
Nanodiamonds (HPHT NDs)

Produce blocky NDs with an average size of 20 nm - 100 um.

1.steel cap;

2. Cu + Mo sheet;
3. NaCl + ZrO, sleeve;
4. graphite heater;
5. carbon source;

10.1039/c7ce01349c

L

. .
- R I R S

6. metal catalyst;
7. seed crystal;

8. Zr0, + MgO pillar;
9. pyrophyllite.

=

Commercial
NDs
.?_Q‘.a HPHT Particles DND
o -~
1. Grinding of diamond .
microcrystals 1. Explosive carbon
containing precursors
2. Irradiation
3. Annealing at o 2. Purification,
temperature over 800 °C | homogenization
4, Purification, deagglomeration
homogenization and functionalization
and functionalization
Particles 20 nm to Particles between
Over 100 micron 2-20 nm
Application Application
Quantum Bioimaging Drug Delivery B T.|ssue'
Biosensing ngiheenng
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Size of NDs A
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Size of NDs ‘9:)
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Intensity, a.u.

Size NDs
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Doping of NDs

Dopant and Source;
Level of Doping;
Type of NDs;

Boron Doped

Nanodiamonds
(BDDNSs)

Silicon Vacancy (SiV)

Nitrogen Vacancy (NV) 20



SiV NDs Center

(b)

Detonation — SiV Center-containing Nanodiamonds
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10.1016/j.diamond.2021.108248
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SiV NDs Center

— (gt - — Milling —  A/B/C(Cooling 20 min)
Repeat 8 Circles

|
CioHg/CyoFg ‘_‘T_‘
+ —Si—Si—Ssi—
E:> i <:|
—a—
,@; I
Detonation  C;,H;65is
NDs

ND-SiV- Water bath  Oil bath
Cluster Sonication 90 °C heating

ﬁ 15 min 35 min

— ) <+ <
Centrifugation Repeat 20 Circles Ice cold Ultrasonication Dilution
ND-Siv-

60 sec cooling 0-10w, 60 sec Centrifugation

naphthalene (CioHs),
octafluoronaphthalene (CioFs), and
tetrakis(trimethylsilyl)silane (C12H3zsSis)

10.1021/acs.nanolett.2c00040
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ND NV Center

NV center emission spectrum

ZPL NV

Strong

Weak ZPL NVY,
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Fluorescent nanodiamond

Quantum sensing
(ooupled fluorescence/magnetism)
* Optically detected magnetic resonance
+ Sensitivity to variations in temperature,
magnetic, & electric fields
» T1 based imaging & sensing

Fluorescent Color Centers
* Photostable

* Multiple colors

* FL lifetime ~10-20 ns

* Multiphoton excitation

10.1002/smll.201902151
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NV ND Center

a) 605 nm Excitation b) 640 nm Excitation
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BDNDs
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CVD diam

Trimethylborane (TMB)

10.1021/nn500573x
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BDNDs Biosensors
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Potential vs. Ag/AgCI (3 M KCI) in V

SE EP 5-HTP NE
Neurotransmitter
dopamine (DA),
serotonin (SE),
epinephrine (EP),
norepinephrine (NE),
5-hydroxytryptophan (5-HTF
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NDs and drug delivery

Breast-cancer tumors:
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10.1038/nnano.2011.209



NDs Applications

. a) X :.Q"
= Solar Cells; oy [ | meee (R
Substrate O _

(doped Si, glass)
Substrate DNDs Py adsorption Py polymerization DND/PPy composite
ultrasonicated deposited on DND in HCl acid (0.3m)
in DND colloid  on substrate

b)
fransparent electrode

Solar cell

= Energy Storage Devices (Supercapacitors);

a b
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i R "qc-; ..OC:
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& O O _
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| | | | | 04 | | | | |
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10.1038/s41598-020-80438-3
10.1038/s41598-019-54197-9
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Conclusions

Nanodiamonds are important materials for biomedical,
optical and electronic applications;

The properties, structure and doping of nanodiamonds
define their application;

ND NV center are the most successful for biomedical
applications;

BDNDs are the most promising material for energy storage

Shine -
Bright Like _‘
A Diamond N

devices and biosensors;

- Rihanna i
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Rezek & Kromka diamonds
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Toxicity of NDs

ND-Raw ND-COOH CB CB

Control 100pg/ml 100pg/ml 100ug/ml 2.5ug/ml

CB — Carbon Black
CdO — Cadmium oxide

Neuroblastoma
Cancer Cells

10.1021/jp066387v
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